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GYRATING PROGRAMMABLE SCAT^R 

This is a Continuation In Part Application of 

Patent Application Serial No. 07/612,983 
f'llaS - N'QvSin&Sir - 1"5^ 1990 



TECHNICAL FIELD 

The present invention relates to a device for 
providing movement on an axis in at least one direction 
selected from the rotational direction and the x or y 
direction. More particularly, the 'invention relates to a 
device suitable for controlling the movement of a beam of 
light, such as from a laser, to generate two dimensional 
repeating patterns of light. In one embodiment, the 
invention is useful as a scanner for moving a small spot of 
light across bar codes in order to read them. 



BACKGROUND AHT 



Scanners - are - devices which — are- -used — : t-o —control -t he- 
movement of a beam of light, such as from a laser- The 
scanners are employed to aim optical elements such as 
mirrors, lenses and the like in order to reflect, collect 
and focus light. Scanners have found extensive application 
in the bar code industry. Bar codes consist of alternating 
light and dark bars which are used to present price or other 
information. One conventional method for reading them is to 
scan a focused beam of light in a line across the entire 
code. As light is absorbed and scattered by the bars, the 
resulting light modulation may be detected by a photodiode, 
for example, and processed by an electronic cash register or 
computer terminal- 



In hand held bar code reading equipment compactness and 
simplicity of the scan mechanism are essential so the 
equipment can be portable. Single straight line scans are 
the simplest to generate and thus are often used in such 
equipment . 

v- 

Orientation of the scanning beam with respect : to the 
bar code is required however and this can slow down the 
reading process in either portable or fixed mount scanners. 
Various systems have therefore been devised to automatically 
scan a beam in multiple directions to overcome the need for 
tedious orientation. 



Patient No. 4 , 387 , 29 7 ^fcTo 



U. Patent No. 4, 387 , 29 7 ^Prlosed a portable 

scanning system in which a pair of motors and muitipie 
"drives ~are- used to" "generate an~ omnidirectional- —pat tern. - 
Refinements of this device have not yet obviated the 
inherent clumsiness and size of the device due to the 
multiple drives and other equipment. Another beam scanning 
type device, shown in U.S. Patent No. 4, 639 , 070, uses an 
involved gear system for rotating various elements of the 
device, It also is quite complicated* to manufacture. 

U.S. Patent No. 4,041,322 describes a deyice in which 
there is an angular displacement of a mirror in a single 
plane and at a constant speed. Several mirrors are used to 
provide the scanning signal at various angles. 



U.S. Patent No. 4,494,024, describes a spring 
activated motor, but it is a "one shot" spring driven motor 
in which heat is used to release torque by severing a chord. 
U.S. Patent No. 3,631,274 describes a power supply in which a 
spring induces a voltage pulse in the coil. 

U.S. Patent No. 4,388,651 describes the faults of the 
prior art, stating that it is characterized generally by 
considerable complexity or by limited performance. This 
patent proposes to solve the problem using a single, small 
diameter rotating polygon mirror which is described as having 
increased scan efficiency by reflecting a beam from the 
polygon mirror facets two separate times. Examples of other 
systems are shown in U.S. Patent No. 4,794,237, which employs 
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a plura^rcy of mirrors and a rotatnig disc, and in U.S. 
Patent No. 4,795,224 which requires several motors and a 



relatively complicated prism ring which refracts light. 

None of the prior art has yet been able to generate an 
appropriate optical pattern of lines to read bar codes at any 
orientation. Moreover, no prior art device has been found to 
produce omnidirectional scan patterns with a single optical 
element. Ideally, such a device would be small and very 
rapid, and could be held in one hand if constructed as a 
raster or omnidirectional device. It is desirable that the 
device be programmable to present one or more than one 
pattern of light with the fewest possible parts. 

It is an object of thife invention to provide a device 
for providing movement on an axis, such that a mirror can be 
attached to that axis, in order to impart combinations of 
rotational and x or y movement. Preferably the device 
imparts both movements, in order to generate a two 
dimensional scanning pattern produced by light reflected off 
on the mirror. 

It is a particular object of the present invention to 
produce laser scan patterns which greatly reduce or 
eliminate the need for special orientation of either the bar 
code or the scanner in bar code reading equipment. 

• Yet another object is to provide a scanner which is 
programmable. and yet which is small and compact, and which 
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operates at^Gw power. 



"Tn ~ff~~ broadest forih7 the object of "this invention" Ts - to" 
provide a means for aiming or positioning an optical element 
in synchronization with electronic signals, which may be 
produced by oscillators, computers, music, voice, and the 
like, for information gathering or demonstration or 
entertainment purposes . 

Other objects will appear hereinafter. 



DISCLOSURE OF INVE 



At 



I t" has~ now - been — dirs covered that— the -a hove— a nd —at her- 
objecta of the present invention have been accomplished in 
the manner described below. Specifically, the invention 
relates to a device for providing movement on an axis in at 
least one direction selected from the x or y direction and 
the rotational direction, and preferably in several 
directions, preferably simultaneously. 

The device includes a shaft member having an axis 
defining a rotational direction about the axis of the shaft. 
A magnetic core means is mounted on the shaft and centers the 
shaft on the axis. The shaft itself may extend in one or 
both directions axially or nlay be the center of the core. 
The core generates a magnetic field in a plane which defines 
x and y coordinates with respect to the axis. Also included 
is a ferromagnetic ring surrounding the core and aligned in 
the plane described above. The ring has a coil means for 
receiving a varied electric current in the coil which is 
wrapped about the ring. The ring is positioned to provide a 
low reluctance path for the magnetic field and the ^magnetic 
field is aligned to penetrate only one side of the coil. 
Finally, means are provided for suspending^ th^ore^with 
respect to the coil to permUrela^ivejmp^ 
7TTespons7~to_tJie^ Movement of 

the core causes movement on the shaft in at least the x-y 

* _ 

direction or the rotational direction or combinations 
thereof. 



preferred embodiment ,^Kn^ suspending means 
comprises at least one flat spring or elastic member which 

flexibly- mounts - the - core- -with- respect - to- the -co-i-1 . The- 

spring provides a restoring rotational torque to the core 
about the axis . 



In another embodiment, the device is adapted to 

receive a first frequency that is" a resonant frequency of 

the mounting means in the rotational direction. It is 

further adapted to receive a second frequency, a resonant 

frequency of the mounting means in the x-y direction. It is 

contemplated that the device would further include frequency 

mixer means for supplying various frequencies to the .coil, 

** / 
•• • 

and preferably at least the 'two resonant frequencies to the 
coil . 

In yet another embodiment, a second coil is added. 
This coil is annularly positioned around the magnetic core 
and is located in the region of the magnetic field which 
defines the x and y coordinates. Preferably, the coil is 
wound around a bobbin device which locates the annular coil 
between the ring and the magnetic core. Means are provided 
for introducing electric current into the annular coil. 

It is further contemplated that a mirror will be 
mounted on the axis, and the entire device can be 
incorporated into a scanner system as desired. 
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It^cs further contemplated cwt another kind of 
optical element such as a small semi conductor laser device 
~may "be- direct ly-nmoiTnted So" "the axis"" "and mo'unted into" a~ 
scanner system. 

In one embodiment, the annular ferromagnetic ring 
includes a gap in its periphery at a location radially 
opposite the coil that is wound on the ring. In some 
instances, the coil may in fact comprise two coils, each of 
which is wound at a location spaced approximately 90° 
radially from said gap. In that embodiment, the magnetic 
core element may be sized to have a length facing the gap and 
also facing that portion of ^the ring periphery which is 180° 
radially from the gap. The core element width is shorter 

i 

than the length because tHe two coils extend into the 
annular space. This generally rectangular shape increase the 
efficiency of the device. 

Finally, in another embodiment, the ring may include a 
radially inwardly facing ferromagnetic screw which functions 
as a magnetic damper means. The screw is threaded in the 
ring to adjustably vary the distance between the radially 
inwardly facing end of the screw and the core element. ; 



BRIEF DESCRIPTION OF THf^pgTWINGS ' 

These -and -other— ob-jects oi_ _the„pr^s.en.t_.irLventiqn_ and 

the various features and details of the operation and 
construction thereof are hereinafter more fully set forth 
with reference to the accompanying drawings, where: 

Fig. 1 is a perspective view of one embodiment, shown 
in combination with a laser source, and a mirror, and also 
shows an output pattern. 

Fig. 2 is an exploded view of a device" similar to the 
device shown in Fig. 1. 



Fig. 3 is a schematic 1 ' view of a preferred driving 
mechanism showing magnetic field lines of force for a ring 
and magnetic core of the device shown in Fig. 1. 

Fig. 4 is a section view taken along line 4-4 of Fig. 

3, showing the direction of the current in the coil around 

» 

the ring. 

v 

Fig. 5 is an exploded perspective view of another 
simpler embodiment of the present invention. 

Fig. 6 is an exploded view of the preferred embodiment 
of this invention. 

Fig. 7 is a cross sectional view of a device of the 
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type showr^ppr Fig. 6, in which th t 
sectioned . 



.emblecL device is 



Fig. 8 is a cross sectional view of an alternative 
embodiment of the device shown in Figs. 6 and 7. 

Fig. 9 is a perspective view showing arrangement of 
the shaft and springs under various forces caused ■ by 
different frequency current in the coil. 

Fig. 10 is an exploded perspective of yet another 
alternative embodiment of the present inventidn'. 

» 

Fig. 11 is a perspective view of another embodiment, 
shown in combination with a /laser source and a mirror, and 
also shows a two dimensional raster output pattern. 

Fig- 12 is an exploded view of a device similar to the 
device shown in Fig- 11. 

Fig. 13 is an exploded perspective view of yet another 
embodiment of the present invention. 

Fig. 14 is a schematic view of a preferred driving 
mec hanism showing magnetic field lines of force for a ring 
and magnetic core of the device shown in Fig. 13. 



Fig. 15 is an exploded perspective view of still 
another embodiment of this invention. 
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. 16 is a schematic view o^rAe ire vice" shown in Fig. 
15, showing magnetic field lines of force for that ring and 
-core-; 



Fig. 17 is an enlarged schematic view of a device 
similar to that shown in Fig. 13, showing yet another 
embodiment and the magnetic field lines of force for that 
device . 

Fig. 18 is a cross-sectional view of a device which 
permits compact mounting and can produce large rasters or 
other two dimensional scans. 

Fig. 19 is a view pf* a device similar to that of Fig. 

- f. 

18 showing a sample scan pattern. 

Fig. 20 is a cross-sectional view of the present 
invention which allows a beam of light to enter one end of 
the device and produces a scanned beam which exits the 
opposite end of the device. 

Fig. 21 is a view of the device of Fig. 20 showing how 
it may be arranged for a compact in-line scan system. 



_A3._sho.wn_in-F-ig-.-l-/- -a_laser_beam_is_-gener.a.ted__f.ro.m_a_ 



laser source 11 and is reflected by mirror 13 which, as will 
be described below, is moving in at least one or two 
dimensions to cause a pattern 15 to be reflected off of 
mirror 13. 

While the present invention is admirably suited for 
use as a scanner with a laser source and the like, those 
components are not shown. The invention relates to the 
movement of the axis of a shaft in at "'least the x-y 
direction or the rotational^ direction. Specifically, shaft 
17 has axis 19 and is caused' by the present invention to 
rotate in the rotational direction as shown by arrow 21 and 
in the x-y plane as shown by arrows 23 and 24. 

Shaft 17 causes mirror 13 to move in the rotational 
direction or the x-y plane by the - magnetic rotor and coil 
arrangement contained in frame 25. The position of the 
magnet is restored by spring 27 as the magnet moves due to 
interaction with current in the coil at various frequencies. 
Ideally, the frequency of the current in the coil will cause 
rotation in both the rotational direction and the x-y 
directions. In Fig. 1, a rotating ellipse pattern is shown, 
but an almost unlimited number of patterns are possible. 
While spring 27 is preferred in this embodiment, other 
mounting means for flexibly suspending a core may be used. 
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: rs 



: P8 



iy 
I s y 

en 

□ 

fU 



Of cnWe," flat springs, flexible elastic members, and 
membranes are preferred. 



Turning now to Fig. 2, a device similar to that of 
Fig. 1 is shown. The device is shown with its major 
components on an axially exploded view. Mounted on the 
shaft 17 is a magnet 29, with arrow 30 pointing in the 
direction of magnetization. 

The lower end 31 of shaft 17 is supported in the base 
frame 25 such as shown in Fig. 5. Positioned radially from 
\ lA the magnet 29 is a toridal ring 35 which includes at least 

□ one winding 37, so that the ring 35 functions as a coil for 

= !== I 

,V I 

UJ cooperative action with magnet 29. Spring 27 is mounted on 

ring 35 through a pair of posts 32 which fit into holes 34 in 
the spring. The interior portion of spring 27 has a shaped 
slot 36 which fits over the central cooperative member 38 of 
magnet 29. Thus movement of magnet 29 with respect to core 
ring 35 will cause a restoring force in spring 27, as post 32 
and hole 34 restrains movement ' of the spring while shaped 
slot 36 and central core 38 cause the inner portion of 
spring 27 to move with magnet 29. ^ 

Turning now to Fig. 3, the magnet 29 is shown with a 
north and south pole, generating a magnetic field of flux 39 
so that ferromagnetic ring 35 provides a low reluctance path 
for field 39 from the north pole to the south pole. Flux 
lines 39 pass through the gap 41 between the magnet core 29 
and the ferromagnetic ring 35 and also interact with current 
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1 by winding 37 . 



When current is passed _ Through - ^wTriding - ~'JT, the 

direction of the current on the portion of the winding 37 

around the outside of torrid ring 35 will be opposite that of 

the current direction on the inside wall of ring 35. Note 

that the field 39 does not pass through the part of windings 

37 on the outside diameter of ferromagnetic ring 35 making 

possible a torque to be generated "between the magnetic core 

and the winding. The magnetic field produced by this winding 

37 will also be contained and directed by the ferromagnetic 

material of ring 35. Current in coil 37 is "not allowed to 

reach a level which would cause core 35 to reach a state of 

» 

magnetic saturation. 



When permanent magnet rotor 29 is introduced into the 
center of ring 35, its field will pass through the air gap 41 
and enter the inside wall of ring 35. The field 39 will then 
be directed as shown by the arrows around the circumference 
and returned through the . air gap near the opposite pole of 
the magnet, thereby finally completing its path. The field 
of the permanent magnet 29 does not substantially penetrate, 
beyond the outer wall of the ring 35. If the magnetic field 
of magnet 29 penetrated the outer wall of ring 35, and thus 
through the outside coil windings 37, deflection forces would 
cancel and the rotor 29 would experience no torque. However, 
since the magnetic material or low reluctance path of ring 35. 
directs and contains the magnetic field 39 of magnet 29, and 
shields coil windings 37 passing up the outside wall of the 
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ring 35,^ffbm the field of magnet 29, ^Tie magnetic field of 
magnet 29 passes only through one side of the winding. When 



~a c"urrent carrying conductor is placed in a magnetic field 
which is perpendicular to the direction of the current, a 
force between the current and the field is produced which is 
mutually perpendicular to both the direction of the current 
and the magnetic field. Thus, as shown in Fig. 3, a force 
will be produced between a field 39 and the current in coil 
37. As a result, magnet 29 will experience a torque which 
causes it to rotate. This torque is proportional to the 
number of turns of wire, the current carried by the coil, and 
the magnitude of the magnetic flux fr&m the magnet 
penetrating the inside portion of the winding. introduction 
of an alternating, current in coil 37 will cause magnet 29 to 
oscillate. t 

Turning back to Fig. 2, it is noted that the magnet 29 
is fitted through the central portion 38 of magnet 29 to the 
shaped slot 36 on spring 27, thus, as magnet 29 moves or 
vibrates about axis 19 of ^ shaft 17, spring 27 opposes that 
motion. When an alternating current is introduced in coil 
37, at a resonant frequency, in the rotation direction for 
spring 27, movement of the mirror 13 is caused to occur in 
the rotational direction. Similarly, when the current in 
coil 37 is at a frequency at or near the resonant frequency 
for movement of spring 27 in the x-y plane, movement in that 
direction is also achieved. Notice that mirror 13 is shown 
with its mounting hole for shaft 17 off center thereby 
creating a slightly unbalanced load for shaft 17. Said 



unbalanced load acts to aid the initiation of and to sustain 
oscillating motion in the x-y dimensions when appropriate 
resonance "frequencies 'are" introduced "into" coil 37 for those 
modes of oscillation. 

In another preferred embodiment, shown in Fig. 2, a 
second spring 49 is also mounted with post 51 through holes 
53 in the same manner as spring 27 is supported by holes 34 
on posts 32. Thus, excitation of .the "magnet 29 by current in 
coil 37, as previously described will be resisted by both 
spring 27 and spring 49 to provide the restoring forces 
necessary for oscillation. Selection of suitable frequencies 
of the current to be • resonant with springs 27 and 49 will 
allow even greater variety ' in- the ultimate movement of the 
mirror 13 in both the rotational direction and the x-y plane. 

Fig. 6 shows the preferred embodiment of this 
invention, in which the first coil 37 and ring 35 is 
augmented with a second coil. An annular coil 45 is wound 
around bobbin 47, so as to present an annular winding in the 
plane of the magnetic field of magnetic core 29. Bobbin 47 
is sized to fit in space 41 shown empty in Fig. 3 and filled 
with bobbin 47 in Fig. 7. 

The second coil, annular coil 45, is also connected to 
an electric current source, ' not shown, so that a varied 
current can be introduced into coil 45. Again, various 
frequencies and wave forms will cause relative movement 
between magnetic core 29 and bobbin 47, primarily but not 



exclusivelyHLn the x and y plane 



When both the first coil 37 and annular coil 45 are 
energited with ourrent at various independent frequencies 

the magnetic core 29 may be made to move in combinations of 
rotational and x-y directions which are not resonant 
frequencies of the system. This feature of the invention 
makes this embodiment even more versatile. 

It is contemplated that the annular coil 45 may be the 
only coil associated with the device of this invention in at 
I least one embodiment. Thus coil 37 would not ' be present in 

I the device of Fig. 6, although ring 35 or some other support 

jj member would be needed to hold bobbin 47 in place. In- this 

I manner, core 29, which is suspended by springs 27 and 49 will 

cause mirror 13 to oscillate as previously described. 

in Fig. 7, a complete assembly is shown with both coil 
37 and coil 45 in place. This assembly optimizes the ability 
to provide movement to a ntirror or other optical device on an 
axis. Covers 59 and 61 provide protection primarily against 
excessive deformation of springs 27 and 49 so that they do 
not exceed their elastic limit. 

The device shown in Fig. 7 is configured to move 
mirror 13 in the manner shown in Fig. 1, where, for example, 
a laser 11 produces a two dimensional pattern 15 for use as a 
scanner. Fig. 8 shows substantially the same device except 
that shaft 17 is eliminated and mirror 67 is placed directly 
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beam or other light can be directed toward the device along 
-the— axis— of - the— device-, - ra t her -than -generai-ly-per-pendicu-l-a-r- 
to the axis. This modification permits even greater 
flexibility in design of a scanning device or any of the many 
uses for the device of this invention. In both cases, 
movement is provided on the axis of the device, by current 
flow in coils which are within the magnetic field of the core 
to cause relative movement between core and coil or coils as 
they are suspended by springs and the like. 

Turning now to Fig. 9, torsion springs' 27 and 4 9 are 
flat torsion springs with two spirals symmetrically 
arranged, so that the arrangement has four spring constants. 
One spring constant is in the' z direction, shown along axis 
19 while another spring constant is in the rotational 
direction shown by arrow 21. In addition, there are two 
spring constants, each in one of the x and y directions. X 
and y directions are perpendicular to each other, but 
actually represent angular . displacements about the center of 
shaft 17, or 31, between the two springs at point A, which is 
midway between the two springs of 27 and 49, Thus, if a 
mirror is attached to the end of shaft 17, it may be ; made to 
execute oscillatory rotations in direction R as well as 
rocking or precessing motion in the x or y directions. By 
adjusting parameters of the spring such as stiffness, the 
number of turns of spirals, overall length of the spirals, 
and inertia of the mirror shaft system and the like, it is 
easy to obtain a desired rotational motion caused by the 
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resonan frequency "of Che" assemt TTi the " rotational 
direction at a particular frequency as well as resonant 

-motions _in_the x _and _y_ dimensions This resonant rotational. 

frequency can be made several times higher than the resonant 
frequency for rocking in either the x or y direction. Thus, 
movement of mirror 13 on shaft 17 will produce a raster like 
pattern which will retrace itself as long as the current 
supplied through the windings 37 continues to be at 
resonances as described herein. " 

Shown in Fig. 10 is another version of the present 
invention in which mirror 13 is moved by shaft 17 as a second 
coil 71 is wound about core 35a. Core 35a includes a non- 
magnetic spacer which separates two conductive ring halves. 
When coil 37 is used as a drive coil, second coil 71 will 
function as a sensor coil. Movement of rotor 29 as 
previously described will induce a significant back EMF into 
the second coil 71, and this EMF can be detected. This will 
allow for feedback control of this drive coil 37 to modify 
motion of core 29. 

Shown in Fig. 11 is a laser generated pattern which is 
two dimensional. The pattern is generated by moving , mirror 
13 in the direction of arc 23 and rotation about Z axis 19 as 
depicted by arrow 21. By combining both motions and causing 
th e rotational oscillation to be slower than nodding motion 
or linear motion of mirror 13 in the direction of arc 23, a 
raster pattern 202 is generated as shown. 
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bittern can be genera ted " by^^e device shown in 
Fig. 12, which is an exploded view of an additional 
embodiment, — The- -de vice-show n-in -Fig--l-2- includes- an- annular - 
ring 77 which has a gap 79 and a coil 81 wrapping the 
periphery of the ring 77 at a point 180° radially from gap 
79. Core 29 is suspended between springs 83 and 85 by 
setting the top 84 and bottom 86 of magnetic core 29 into the 
center portions of springs 83 and 85 respectively. Core 29 
oscillates without contact with ring 77 and thus can move 
shaft 17 and therefore move mirror 13 in response to 
frequencies passed through coil 81. When springs 83 and 85 
are stiff and an alternating current is introduced into coil 
"si at resonant frequency of the mass and the spring 
combination for movement in a- particular direction, such as 
in the direction of arrow 2$ a first motion is achieved to 
cause reflective beam 201 to trace a vertical pattern along 
the Y axis 203. The rotational movement causes the 
reflective beam to provide the component on the X axis 204. 

Turning now to Fig. 14, a method for generating 
substantial rotational torque in the core 29 is illustrated 
as follows. Lines of' flux, as typified by arrows 113 emanate 
from the coil 29 and penetrate coil 81 which is wound about 
the core 77. When coil 81 is energized with alternating 
current I, torque will be introduced into the core 29 causing 
it to oscillate in a rotational direction shown by arrow 21 
at the frequency of the alternating current I being supplied. 
A magnetic field, depicted by lines of flux 102, will be 
induced in metal core 77. Gap 79 is included in ring 77 such 



that" flujJfe® 102" emerge from gap T_Bft'Iux~ lines 103 and 
104 to encounter the permanent south pole S of magnetic core 

29 A- -stronger— torque— i-s- thereby— induced— in core -2.9 _comp.ar.ed _ 

to that' generated by the aimple interaction of the field from 
core 29 and coil 81. Thus, as alternating current I is 
introduced into coil 81, the strong torque brought about by 
the use of gap 79 permits rotation of the core 29 at a 
frequency well below resonance for rotational motion and at 
large, angles which may be on the order of 30°. Thus, if a 
high frequency current at the proper resonance frequency is 
applied to the coil 81 along with a low frequency alternating 
current of sufficient magnitude, the raster scan patter 102 
shown in Fig. 11 will be generated. 



Another embodiment similar to that shown in Fig. 12 is 
shown in Fig. 13. In this design, a single spring 83 is used 
to flexibly support core 29 on shaft 17. The top and bottom 
portions of shaft 17 are supported in bearings 87 and 89, 
which are located in plates 88 and 90 respectively. Use of 
bearings 87 and 89 prevent motion in any of the axes 
previously described, thereby allowing only rotational 
m0 vement about axis 19 in the direction of dual arrow 21. 

Torque forces in the device shown in Fig. 13 are again 
Ulustrated in Fig. 14. The gap 79, of ring 77 cooperates 
with coil 81 to produce a torque about the Z axis 19. As 
current I in coil 81 is an alternating current, movement in 
the direction of arrow 21 is in both clockwise and 
counterclockwise directions about axis 19. 
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A d-if feren^l^bodiment is shown In 15 when it "is 

necessary to increase the torque and damper resonant 

_f reguenc ies_. in.s_t.aad of a gap, -ring- 7-7— includes -a- rad-ia-1 ly- 

inwardly facing ferromagnetic screw 91 which is threaded to 
adjustably vary the distance between the screw and the core 
29. Fig. 15 shows the device in an exploded position with 
the shaft 17 supported by bearings 87 and 89, in bearing 
plates 88 and 90 as previously described. Spring 83 allows 
for reaction to torque which is induced in core 29. In Fig. 
16, the flux lines 142 encounter the south pole S of core 29 
as shown by arrows 149. Since screw 91 is. threaded to 
adjustably vary the gap 150 between the screw H and the core 
29, the induction of a torque on core 29 can be varied. 
Maximization of the torque at a particular frequency requires 
a balancing of the current i' in coil 81 and the gap 150 
between core 29 screw 91. Also, as gap 150 is closed, 
resonant motion which may. produce unwanted overshoot of 
rotational motion upon starting the device may be dampened 
and. thereby reduced. 

Shown in Fig. 17 is yet an another embodiment of the 
present invention which provides for increased torque about 
the Z axis as shown by arrow 21. In this embodiment- core 29 
has flat faces 93 to provide space for coil 95 and 97 in 
areas generally shown at 106 and 107. Thus, the south pole S 
of core 29 can be closer to gap 79 and the North Pole N 
closer to the ferromagnetic ring 77 so that 'an increased 
torque is again achieved. 



present invention which may be driven at a frequency well 
-below- -resonance- and - yet- is- -able— to- execute— large— X- or- Y~ 
displacements on the order of 30 degrees. This capability is 
well suited to generation of raster patterns and the device 
i 3 amenable to extremely compact mounting on the surface of 
a printed circuit board. 

The device shown in Fig. 18 includes a solenoid coil 

301 wrapped about a ferromagnetic core 300 shaped like a 

dumbbell. The core 300 is used to increase the strength of 

•. •* 

the magnetic field produced by coil 301. 

When coil 301 is energized with alternating current, 
core element 29 will be" caused to execute oscillating 
displacements as indicated by double arrow 23. These 
displacements may be made using large and very low frequency 
as compared to the natural resonant frequency for such motion 
due to the intense field produced by coil 301. At the same 
time, if a resonant frequency for motion in another direction 
which is relatively high is superimposed on the low frequency 
applied to coil 301 or it is applied to annular coil 45, a 
raster pattern or some other two dimensional patten may be 
generated: Such a pattern is illustrated in Fig. 19. 

Fig . 20 illustrates a device which can accept an input 
light beam 200 and cause it to be scanned so that the scanned 
beam 210 emerges from it traveling generally in " the same 
direction as the light that entered it. With this device it 



is pos^^le •^-•1-inearly- arrange a -^itfource il with the 
scan device 350 in line with outgoing beam 210 as shown in 
Fig. 21 and th^eby_.grejatly_simplify_ t.he _optical_layout_of _a_ 
scanner. In addition this arrangement can be built into an 
extremely compact and narrow enclosure such as a cylindrical 
tube on the order of only one half inch in diameter. 

In the operation of the device of Fig. 20 a light beam 
200 from light source 11 enters aperture 330 and passes 
through an opening 328 in suspension 320 whereupon the beam 
is reflected by a first fixed mirror 326. After reflection 
by mirror 326, the beam travels along path 202 and is again 
reflected by a second moveable mirror and emerges along 

path 210 from the device .passing through aperture 335. Note 
that the input beam 200 is' generally parallel to and moves in 
the same direction as the output beam 210 except that beam 
210 is scanning about that direction. 

Scanning is achieved when magnetic core 29, attached to 
flexible suspension 320 is set in motion by applying 
alternating current to coil 45 and moveable mirror 325 
participates in the motion of core 29 thereby ^ causing 
outgoing beam 210 to scan. 

Moveable mirror is shown mounted on a wedge 322 and 
stationary mirror 326 is fixed to the body 327 of the device 
at an angle so that the reflective surfaces of both mirrors 
324' and 326 face each other and are parallel. This is 
considered the best embodiment but modifications are 



possible* Also the device can be operated in reverse by 
first reflecting an input beam from the moveable mirror 325 
in which case the output beam would then emerge from aperture 
330 after reflection from fixed mirror 326. 

By driving coil 45 of the device of Fig. 20 with an 
appropriate mix of frequencies it is possible to generated 
two dimensional scan patterns as is accomplished in other 
embodiments of the present invention. 

While particular embodiments of the present invention 
have been illustrated and described herein, it is not 
intended to limit the -invention and changes and modifications 

may be made therein within the scope of the following claims. 
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